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ABSTRACT: As the temperature data show a distribution pattern with a number of peaks, assumption of normal 
distribution will result in a serious bias in the analysis. In this study, the Gaussian Mixture Distribution (GMD), a type 
of bimodal distribution, is presumed as a frequency distribution for the water temperature, in order to estimate the 
optimal parameter and to carry out the relation analysis between the optimal parameter and the basic statistical 
information such as mean and variance on the data. By the way, an estimation formulae to compute the frequency 
distribution of the data is developed by computing the parameters of GMD by means of the major characteristic values, 
such as mean, standard deviation and skewness of the data. 
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INTRODUTION 
Seawater temperature has a direct influence on the 
responses of the coastal environment factors and the 
habitat environment of sea organisms, and large 
variation of coastal water temperature are expected due 
to climatic change. In order to predict water temperature 
of coastal areas in the future, data analysis about the 
present water temperature in coastal areas has to be 
preceded. As one of previous studies there has been a 
study on Korean peninsula coastal water temperature 
distribution by Lee (1983), who investigated the 
submarine topography, ocean currents, salinity, ocean 
waves, tides and etc. He classified Korean peninsula 
coast into three sections, the western sea, the southern 
sea, and the eastern sea by water temperature. At 
KORDI (1987) there was an observation analysis of 
water temperature, salinity, dissolved oxygen, and etc. in 
the western sea. Lee (1992) has also studied on the water 
temperature distribution and the seasonal, long and short 
term changes of the southern sea, eastern sea, and the 
western sea.  
Cho et al. (2004) statistically analyzed the tidal 
elevation data provided by the National Oceanographic 
Research Institute (NORI), and proposed Gaussian 
Mixture Distribution (GMD) from the probability 
density function of Korea's tidal data in coastal areas. 
Jeong et al. (2008) proposed a double truncated GMD 
which limits the range of distribution function by setting 
maximum and minimum tide levels of boundaries. On 
the other hand, Jeong et al. (2005) estimated and 
analyzed the occurrence probability distribution of tidal 
currents using the harmonic constant data of Incheon, 
Mokpo, Yeosu, Pusan, Pohang, Sokcho provided by 
NORI, and Cho et al. (2006) analyzed the features of 
continuous exposure time at intertidal areas by utilizing 
tide level data of every 1 hour interval from Incheon, 
Pyungtaek, Gunsan outer port, and Mokpo tidal station 
in west coast. On the other hand, Cho et al. (2010) 
calculated the equivalent mean and standard deviation 
for the tide level that complies with the Gaussian mixed 
distribution function form, and made them available for 
the structure reliability design. Jeong et al. (2012) 
developed a formulae estimating the exposure time of 
intertidal areas by utilizing the harmonic constant. 
In this study, a bimodal form is proposed as a new 
distribution function of water temperature that 
overcomes the limitations set by the assumptions of 
normal distribution, using the coastal water temperature 
data provided by the NORI. The parameter of the newly 
suggested distribution function is optimally estimated 
using the least square method, and statistical distribution 
function for water temperature is suggested with average, 
dispersion, and distortion by analyzing the relation 
between average and dispersion of fundamental 
statistical data.  
 
WATER TEMPERATURE DATA 
Long term data is needed rather than short term to 
estimate the water temperature distribution. Therefore, in 
this study, observation data from the National 
Oceanographic research Institute and the National 
Fisheries Research and Development Institute, where 
long term data are available, are comprehensively 
investigated and utilized to estimate the distribution 
function of water temperatures. 
National Fisheries Research and Development 
Institute offer data about the water temperature, 
atmospheric temperature, and etc. of 34 locations in 
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Korean coastal areas. That is, by providing daily data of 
coastal water temperature and climatic data from 1933 
until today, they are expecting analysis results of coastal 
water temperature related to the research on long-term 
changes of coastal ocean conditions and climatic 
changes.  
Meanwhile, the National Oceanographic Research 
Institute provides marine observation information of 
water temperature, salinity, significant wave height, 
significant wave period, maximum wave height, 
maximum wave period, and etc. These water 
temperature data include hourly, monthly, and yearly 
data, and water temperature observatories can be 
classified into the following types: tidal station, ocean 
station, marine observation buoy, Ieodo Ocean Research 
Station and so on. 
In this study, statistical analysis is carried out with 
the collected water temperature data from the tidal 
station provided by the National Oceanographic 
Research Institute. The reason for using NORI's data is 
that there are less missing data and that they provide 
relatively long-term water temperature data. 
Data from the National Oceanographic Research 
Institute shows the daily variation of water temperature 
at 31 peak areas in the coast. This data is obtained by 
measuring water temperatures at a typical time of once a 
day from 9am to 10am. Since it is measured once a day 
during a particular time, bias could exist with the daily 
average data, and qualitative inspection about the bias 
factor by utilizing avaliable timely report is necessary. 
However, considering that the diurnal variation range of 
the coastal water temperature is very small in 
comparison with the range on land, data measured once a 
day is regarded as the daily averaged data and statistical 
analysis is carried out in this study. 
 
 ANALYSIS METHOD 
Using the time series data, it is much easier to 
understand not only the information such as missing data, 
abnormal data but also the transition of data that changes 
with time. But it is impossible to estimate the conditions 
of the population-such as average, dispersion, normal 
distribution and etc. 
 
Frequency Distribution 
Estimating the probability variable distribution can 
be defined as determining a process of the probability 
density function using the observation data (Silverman 
1986). Researches on estimating the probability density 
function with the probability variable can be classified 
into two types: a statistically parametric method and a 
non-parametric method (Raccine 2008). In this study, 
histogram which is a non-parametric method is used to 
confirm the shape of distribution. And then probability 
distribution function is calculated by density histogram.  
Frequency distribution depends on 2 parameters, 
which are the bin center 0t and the bin width h . The bin 
width is also referred to as smoothing parameter, and 
determines the flexibility of the frequency distribution. 
Thus, narrow bid width results in fluctuating changes in 
the height of the bin, and wide bid width leads to small 
variations in the height of bids.  
Eq (1) is Sturges’ rule that is utilized to calculate the 
width of bins( h ) or the number of bins(  ) that indicate 
the frequency distribution. 
 
Sturges' rule  
 
)(10log 3.3  1.00  ln(n) 1.431.00 n               (1) 
 
Here, n is the number of data analyzed. In this study, 
Eq. (1) is used to determine the integer constant (Haldar 
and Mahadevan 2000). 
 
Distribution Function 
Considering that the frequency distribution graph is a 
double peak form, a linear combination form of two 
types of normal distribution function in which average 
and dispersion are different, in other words a Gaussian 
mixed distribution function with 6 parameters, is 
proposed for a frequency distribution function of the 
water temperature data. This is indicated as in Eq. (2). 
 
 
      (2) 
 
 
Here, 21, are scale parameters related to the 
relation of 121  . 21, are parameters that each 
indicates the average value, and 21, are parameters 
for standard deviations. 
 
Estimation of Distribution Parameters 
Major characteristic values, such as average and 
standard deviations, are the most general data that they 
are well known of each observation peak and are easy to 
compute. This study, using the MATLAB program, 
computed the major characteristic values, such as the 
average value and standard deviation, from observed 
data of 31 coastal peaks in Korean coasts. The relation of 
major characteristic values and parameters of water 
temperature distribution derived using the following 
least square method. That is, the major characteristic 
value matrix of the peak(in this research, 31 peaks) ,for 
which water temperature data are available, defined as 
jiH ,  ( i =peak factor, j = major characteristic factor; 
known) and parameter matrix of the water temperature 
distribution function as kiP ,  ( i =peak factor, 
k =parameter factor; known), assuming that the 
parameter of distribution function can be expressed with 
the linear combination of major characteristic values, Eq. 
(3) can be established. 
 
PHC                                        (3) 
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Here, kjC , is a matrix(unknown) composed of linear 
combination coefficient. Arranging the equation above, 
we can compute the optimal linear combination 
coefficient matrix kjC , , by using Eq. (4). 
PHHHCPHCHH TTTT 1)()(                 (4) 
Here, 
TH is a transposed matrix of matrix H , and 
1)( HHT  is an inverse matrix of )( HHT . 
 
DATA ANALYSIS 
NORI provides water temperature data for a month in 
a text file format. This data is shown as a diagram 
utilizing the MATLAB program, and is verified whether 
it involves missing or abnormal data. Fig. 1 is a 
procedure flow chart of analyzing the water temperature 
data.  And the followings are the detailed procedures. 
 
Characteristic Value of Data 
Characteristic values of water temperature data are 
mean, standard deviation and skewness. All of values are 
estimated from data and the results are in Table 1. 
 
Fig. 1 Flowchart of water temperature data analysis. 
 
Table 1. Characteristic value of water temperature data 
in Korean coasts  
Gauging stations mean(℃) s.d(℃) skewness 
Incheon 13.52 8.28 -0.08 
Ansan 13.77 8.76 -0.14 
Pyeongtaek 13.82 8.11 -0.08 
Anheung 12.96 6.50 0.14 
Boryeong 15.31 7.54 0.03 
Janghang 14.69 8.68 -0.06 
Gunsan 14.47 8.40 -0.06 
Wido 13.93 7.34 0.04 
Mokpo 15.08 7.45 -0.06 
Daeheuksando 13.47 5.65 0.31 
Jindo 14.42 6.93 -0.16 
Chujado 15.99 4.49 0.45 
Wando 15.49 5.75 0.08 
Geomundo 16.77 4.49 0.54 
Goheung 15.61 7.61 -0.01 
Yeosu 15.38 6.71 -0.11 
Tongyeong 16.03 6.03 -0.07 
Masan 15.60 6.89 -0.15 
Geojaedo 17.06 4.36 0.52 
Gadeokdo 16.10 5.52 0.12 
Busan 16.17 4.74 0.32 
Ulsan 16.16 5.05 -0.01 
Pohang 14.99 5.62 0.15 
Hupo 15.53 5.16 -0.01 
Mukho 14.33 5.54 0.15 
Sokcho 13.72 6.36 0.02 
Ulleungdo 16.08 4.93 0.07 
Jeju 17.35 4.60 0.33 
Moseulpo 18.12 3.94 0.30 
Seogwipo 18.39 3.84 0.29 
Sungsanpo 17.68 4.69 0.29 
 
 
  
(a) Incheon (b) Gunsan 
  
(c) Mokpo (d) Busan 
  
(e) Mukho (f) Jeju 
Fig. 2 Histograms of water temperature data in Korean 
coasts.  
 
Frequency Distribution Graph 
In order to draw up a frequency distribution graph, 
the whole data set should be divided into several groups 
by collectivizing adjacent data values. In this study, we 
prepared a frequency distribution graph by utilizing the 
'hist' function of the MATLAB program, and computed 
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the optimal number of bins (k) with Eq. (1). Fig. 2 is the 
frequency distribution graph of water temperature at the 
six major peaks of Korean coastal areas. Because of four 
seasons in Korea, including summer and winter, two 
maximum points appear on most of the peaks. However, 
Busan and Jeju do not show a clear peak during summer 
compared with other peaks. 
 
Distribution Function 
Through analyzing the relative frequency distribution 
graph of water temperature at 31 peaks of coastal areas, 
the majority of them show double peak shape, as shown 
in Fig. 2. Therefore, since there is a limit (it is 
inappropriate) to utilize the existing single-modal 
distribution function, a summation type of two normal 
distribution functions whose average and dispersion are 
different, is proposed, in other words a Gaussian mixed 
distribution function form with six parameters, for a 
frequency distribution function.(Refer to Eq. (2)) 
 
Table 2. Parameters of probability density function for 
water temperature data 
No 
Gauging 
stations 1
  1  1  2  2   2  
1 Incheon 0.391 4.10 3.43 0.609 19.97 5.38 
2 Ansan 0.539 5.98 6.06 0.461 22.27 3.62 
3 Pyeongtaek 0.538 6.70 5.14 0.462 21.83 3.61 
4 Anheung 0.331 5.78 2.04 0.669 16.89 5.59 
5 Boryeong 0.379 6.99 3.00 0.621 20.69 5.50 
6 Janghang 0.388 4.80 3.36 0.612 21.34 5.58 
7 Gunsan 0.427 5.53 3.83 0.573 21.44 5.05 
8 Wido 0.274 5.12 1.81 0.726 17.95 6.53 
9 Mokpo 0.328 6.21 2.29 0.672 20.05 5.55 
10 Daeheuksando 0.357 7.79 2.05 0.643 16.67 5.10 
11 Jindo 0.396 9.33 2.87 0.604 19.50 5.18 
12 Chujado 0.498 12.34 1.99 0.502 19.59 3.61 
13 Wando 0.319 8.91 2.02 0.681 18.86 4.82 
14 Geomundo 0.455 13.08 1.48 0.545 20.09 4.24 
15 Goheung 0.475 8.18 3.82 0.525 22.31 4.22 
16 Yeosu 0.430 8.36 3.36 0.570 20.83 3.86 
17 Tongyeong 0.374 9.16 2.62 0.626 20.26 4.05 
18 Masan 0.303 6.81 2.30 0.697 19.97 5.00 
19 Geojaedo 0.414 13.26 1.66 0.586 19.63 4.29 
20 Gadeokdo 0.401 10.58 2.25 0.599 20.10 4.18 
21 Busan 0.326 11.54 1.63 0.674 18.50 4.52 
22 Ulsan 0.319 11.68 1.77 0.681 19.12 4.02 
23 Pohang 0.499 10.09 2.81 0.501 19.96 3.61 
24 Hupo 0.594 12.08 2.57 0.406 20.96 2.76 
25 Mukho 0.535 9.97 2.91 0.465 19.51 3.38 
26 Sokcho 0.532 8.54 3.70 0.468 19.69 3.56 
27 Ulleungdo 0.364 10.86 2.19 0.636 19.21 3.82 
28 Jeju 0.286 13.31 1.76 0.714 19.07 4.64 
29 Moseulpo 0.460 14.67 1.54 0.540 21.27 2.94 
30 Seogwipo 0.274 14.67 1.00 0.726 19.95 3.74 
31 Sungsanpo 0.563 14.18 2.57 0.437 22.19 3.14 
The optimal parameter of the suggested distribution 
function is estimated by a 'nonlinlsq', a function provided 
at the toolbox of MATLAB organization. Because 
deciding the initial value of a parameter is important in a 
nonlinear optimization problem, this study designated 
the location parameter that does not invade other peak 
areas on the basis of peak area the frequency distribution 
graph shows. And a parameter corresponding to the 
dispersion parameter is simply assigned as a positive 
number. Table 2 shows the results of estimating the 
water temperature data with the 31 peaks in coastal areas, 
utilizing Eq. (2).  
 
  
(a) Incheon (b) Gunsan 
  
(c) Mokpo (d) Busan 
  
(e) Mukho (f) Jeju 
Fig. 3 Comparisons of measured and predicted 
distribution for water temperature data  
 
Fig. 3 shows three curves of GMD function form 
estimated with the proposed parameters: a distribution 
function using the observed data(density frequency 
distribution graph, density histogram), normal 
distribution function. As shown in Fig. 3, there is a 
significant difference in the central and tail section of 
data for the assumption of normal distribution. The 
shape of the frequency of GMD function shows a 
distinct double peak for distribution water temperature 
data. Still, it is presumed to indicate a limit on the 
reproduction of the radical decrease form at the tail 
section. To solve this problem, it appears to be necessary 
to deduct an optimal distribution function form with the 
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combination of various distribution functions 
available(Log-Normal distribution function, Rayleigh 
distribution form, Weibull distribution form and etc.), 
not with the mixed form of normal distribution. 
An analysis of a relative error is carried out by 
comparing the estimated probability density value with 
the probability density value estimated using the daily 
water temperature data provided by the tidal 
observatory(Refer to Fig. 4). The probability density 
value from the observed data and the probability density 
value calculated by the equation developed in this study 
generally shows an excellent agreement. Y-axis of Fig. 4 
represents the probability density value and the relative 
error of the water temperature.  
A relative error is compared, rather than an absolute 
error, because the density value of the tail section is 
small itself. If an absolute error is to be compared, a 
small value of error needs to be amplified.  
 
  
(a) Incheon (b) Gunsan 
  
(c) Mokpo (d) Busan 
  
(e) Mukho (f) Jeju 
Fig. 4 Comparison plots of the probability density value 
and relative error.  
 
 CONCLUSION  
It is verified that the Gaussian Mixture Distribution 
(GMD), proposed as a frequency distribution function of 
water temperature data at Korean coastal areas, is a 
highly appropriate form of probability density 
distribution of water temperature data. Also, by 
estimating the average value, which is the major 
characteristic value of the data, standard deviation, and 
222111 ,,,,,  , which are the GMD parameters 
from the distortion rate, we developed a estimating 
equation that computes the frequency distribution of the 
data. The RMS error of this newly established estimating 
equation is only 5% showing significant consistency 
with the result from the observed data. This equation can 
be used to draw the distribution function simply and 
accurately just using the average, standard deviation, and 
the distortion rate of a water temperature data from a 
particular peak, especially when data of long-term water 
temperature are not available. 
On the other side, a Gaussian Mixed Distribution 
Function form, proposed in this study, shows an 
excellent result in replaying the peak form of the 
frequency distribution function from water temperature 
data, however, a section applying to the tail part severely 
lacks sufficient reproduction. There needs to be further 
multilateral researches that investigates various function 
forms showing well matched in the tail part.  
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